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I. INTRODUCTION * 
A t  present ,  Honolua Bay i s  zoned as a conserva t ion  d i s t r i c t .  The Maui Land 
and Pineapple Company, which' owns t h e  t e r r a i n  around t h e  bay has commissioned 
several r e p o r t s  r e l a t i n g  t o  p o s s i b l e  developnlent o f  t h e  area and has recommended 
i t  f o r  c o n s i d e r a t i o n  as a m3rine conse rva t i on  d i s t r i c t  ( K i  t aha ta  and McCreary, 
. , 
1975). Var ious s t u d i e s  and r e p o r t s  by p r i v a t e  f i r m s  and government agencies 
support t h e  upgrade i n  s t a t u s  t o  a S t a t e  mar ine l i f e  conserva t ion  d i s t r i c t .  Among 
the surveys conducted a r e  those by Environmental  Consultants,  I n c .  (1974),  Be1 t 
Col l ins  and Assoc ia tes (1974), T a y l o r  (1975),  and K i  t aha ta  and MCreary (1975).  
To da te  no ex tens i ve  examinat ion o f  t h e  Honolua mar ine fauna and f l o r a  had 
been done, a1 though t h r e e  separate f i s h  surveys by E C I  (1974), Gaffney (1975),  
and Tay lor  (1975) produced p r e l i m i n a r y  i n f o r m a t i o n .  The ECI r e p o r t  does n o t  go 
I 
: i n to  d e t a i l  about t h e  t ype  o f  f i s h  fauna found a t  Honolua Bay o t h e r  than  presence 
i or absence. Accompanying t h i s  r e p o r t  i s  a c o r a l  census, which p rov ides  some da ta  
on coral  d i s t r i b u t i o n  i n  t h e  bay. Gaffney conducted an i n f o r m a l  f i s h  survey 
without t he  b e n e f i t  o f  any s tandard ized  procedure. Accord ing t o  K i t a h a t a  and 
McCreary (1975), Gaf fney 's  d i ves  extended t o  t h e  lliouth o f  t h e  bay and t o  t h e  areas 
o f  the ree f .  Consequently i t  i s  p robab le  t h a t  he counted a number of spec ies 
not found i n  t he  s h e l t e r e d  shoreward waters .  T a y l o r  no ted  t h a t  h i s  survey was 
prel iminary i n  nature,  and more s t a t i o n s  and r e p l i c a t i o n s  would be r e q u i r e d  f o r  
an accurate base l i ne  assessment o f  t h e  Honolua f i s h  fauna. No mar ine  a lgae  s t u d y  
had been done i n  t h e  bay. 
Nine Marine Opt ion  Program (MOP) s tuden ts  completed f i s h ,  c o r a l ,  and a lgae  
surveys o f  Honolua Bay d u r i n g  t h e  p e r i o d  o f  June 20-25, 1976. The s tudy  p r o v i d e d  
seline data f o r  f u t u r e  s tud ies ,  e s t a b l i s h e d  permanent n i o n i t o r i n g  s t a t i o n s ,  and 
II 
'/' 
. ' 
: increased t h e  s tuden ts '  knowledge o f  Hawai ian ree f  l i f e  and ecology.  The raw 
i 
I data c o l l e c t e d  by these s tuden ts  i s  s t o r e d  a t  t h e  Hawai i  Coasta l  -Zone Data B a n i  
i 
j (HCZDB) l o c a t e d  on t h e  U n i v e r s i t y  of  Hawai i  a t  rlanoa campus. I t  i s  a v a i l a b l e  
. . 
I to the  p u b l i c .  I \ 
1 Honolua Bay, t h e  o n l y  s h e l t e r e d  bay on Maui w i t h  a  s t r u c t u r a l  r e e f  ( K i t a h a t a  
and McCreary, 1975), i s  l o c a t e d  on t h e  nor thwes t  coas t  o f  Maui about  20.9km I 
I north o f  Lahaina Harbor.  Immediate access t o  t h e  bay f rom H o n o a p i i l a n i  Highway i . , 
i / i s  accomplished by a  0.48km unimproved, s l op ing ,  d i r t  road, which crosses ove r  
I 
1 the Honolua s t ream bed. The s tudy  s i t e  covers an area o f  13,000 square meters, 
/ which encompasses t h e  body o f  wa te r  landward o f  an a r b i t r a r y  boundary l i n e  drawn I from t h e  t i p  o f  t h e  promontory between Honolua and Makule ia  Bays t o  a  p o i n t  on 
the oppos i te  s i r lp  o f  t h e  bav. (See Ficrure 1 ) .  Accordincl t o  t h e  USGS maD of Konolua 
" 
t h e  
northern end a r e  21°0'17"N by 156"38'37"W, and t h e  sou thern  end a r e  21°01 '02"N 
by 156°28'48"W The boundary l i n e  i s  about  0.6 km i n  l e n g t h  and runs  approx imate ly  
150" magnetic f rom t h e  promontory. 
The s h o r e l i n e  o f  Honolua Bay i s  ma in l y  a  bou lde r  beach, excep t  f o r  t h r e e  
sections. On t h e  southern shore, a  si:lall c l i f f  drops d i r e c t l y  i n t o  t h e  bay. 
A short, c o r a l  r u b b l e  beach i s  s i t u a t e d  on the. n o r t h e r n  shore and a  dark  sand 
beach s t r e t c h e s  a long  t h e  southeastern shore. (See F i g .  2.)  Th i s  beach i s  bor -  
dered by a  50-year-old,  concre te  boa t  ramp on t h e  n o r t h e r n  end and by t h e  mouth 
of Honolua Stream on t h e  southern per imete r .  (See F ig .  2  and 3.) From t h e  Honolua 
watersheds t h e  stream de l ' i ve rs  approx imate ly  8.33 m i l  1  i o n  1  i t e r s  o f  f r e s h  w a t e r  
da i ly  i n t o  t h e  bay (Env i ronmenta l  Consultants, Inc . ,  1974). 
The s tudy  s i t e  cons i s ted  o f  t h r e e  d i s t i n c t  r eg ions .  (See F ig .  1 ) .  Two . 
f r i ng ing  reefs  spread o u t  i n t o  t h e  bay from t h e  n o r t h e r n  and sou thern  s h o r e l i n p s .  
F ig .  1 Subs t ra te  o f  Honolua Bay, I l au i ,  (adapted from K i t a h a t a  and I lcCreary,  
1975); 1 = boundary l i n e ,  2 = f r i n g i n g  r e e f s  and f l a t s ,  3 = s a n d / s i l t  channel, 
4 = s a n d / s i l t  and bou lde r  bottom. 
* 
6' 
Fig. 2 The d, ,: sand beach along the' ba e d i a t e l y  
i n  f r o n t  o f  the  shrub1 i ne  i n  the background i s  the  mouth o f  Honolua Stream. The 
promontory i s  "Crescent Point." Note the  s t i l l n e s s  o f  the bay. 
. /  . 
Fig. 3 The concrete boat ramp which marks the, boundary between t h e  dark sand 
beach along the back o f  the bay, and the boulder shore l ine along the nor thern 
shore1 ine. The hump-1 i ke c l  i f f  i n  ' the background i s  "!liddle Point.  " 
'/' 
d 
(See Fig.  4.  ) A s a n d l s i l  t channel between t h e  f r i n g i n g  ree fs ,  which runs up t h e  1 ? 
i 
central a x i s  o f  t he  bay, i s  approximately lOOm wide a t  the  center  o f  the  bay. 1 
t 
A sand ls i l  t and boulder  bottom c i rcumscr ibes t h e  inshore  reg ion  of t he  'bay. (See 
Fig. 5 and 6.) 
11. MATERIALS AND METHODS 
1 A. S i t e  Se lec t i on  
. , 
S i t e s  f o r  t ransec ts  were l oca ted  by s e l e c t i n g  th ree  s u i t a b l e  l a n d  marks 
which were then s igh ted  from the  water be fore  the  onset o f  each t ransec t  w i t h  a  
hand h e l d  compass g i v i n g  the  landmark's bear ing i n  degrees. These th ree  l a n d  
marks were then loca ted on a  c h a r t  and a l i n e  sc r i bed  from each i n  t he  s p e c i f i e d  
d i rec t ion .  The approximate s t a r t  o f  each t r a n s e c t  on the  map was p laced c e n t r a l  
to the i n t e r s e c t i o n  o f  the  scr ibed l i n e s .  A l l  t ransec ts  ran  p a r a l l e l  t o  shore and 
a t 'an  approximately constant  depth. S i t e s  were se lec ted  r a t h e r  than randomly 
chosen t o  adequately sample the  s p e c i f i e d  areas i n  the  l i m i t e d  t ime a v a i l a b l e .  
B. F i sh  
A mod i f i ca t i on  o f  the  v i s u a l  census method u t i l i z e d  by Brock (1974), Odum 
and.0dum (1955), Bardach (1959), and McVey (1970) was employed a t  a l l  l o c a t i o n s .  
Divers, equipped w i t h  e i t h e r  SCUBA o r  snorkel  gear, worked i n  teams o f  four ,  
consis t ing of one 1  i n e  " r o l l e r " ,  two "counters",. and one ' " sa fe ty  d i v e r " .  (See 
Fig. 7.) Counters fo l lowed a  100 meter p l a s t i c  l i n e  l a i d  o u t  by the  l i n e  r o l l e r .  
Each counter was respons ib le  f o r :  (1 ) i d e n t i f y i n g  species; ( 2 )  es t ima t ing  the  
number o f  i n d i v i d u a l s  o f  each species; (3)  es t ima t ing  the  standard l e n g t h  ( t i p  
o f  snout t o  middle o f  caudal peduncle) o f  each i n d i v i d u a l  i n  an area 5m wide 
and w i t h i n  2m from the  bottom, adjacent  t o  t h e  t ransec t  l i ~ e .  The combined 
2 area covered by both d i v e r s  equaled 10m by TOOm o r  lOOOm . Upon complet ion o f  
"Stat ion A"  ( o r i g i n  t o  the end o f  100m) counters exchanged lanes and repeated 
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Fig. 5 The boulder inshore hab i ta t  along the northern shorel ine.  
T 
Fig. 6 The boulder inshore habitat along the southern shoreline. Taken from 
. 
atop the cliff inside of "Crescent Point." 
I 
. 
Fig. 7 The typical diamond-shaped formation of the f i sh  transect  method. The 
l ine  ro l l e r  leads the group w i t h  the two f i sh  counters following behind on.each 
side of the transect l ine ,  and the safety diver bringing up the rear .  Line 
r o l l e r  Lisa Boucher; f i sh  counters Tad Kobayashi and Leonard Torricer; safety 
diver Holly Price. 
These f i sh  s tat ions ari isolated from one another temporally, not spa t ia l ly .  
* 
Usually, i t  took between 15 and 20 minutes to  travel one way down the length of 
1 the loom transect l ine .  Thus, the second f i sh  count along the transect l i n e  
/ would commence 15 t o  20 minutes l a t e r  than the f i r s t .  Approximately 90 minutes 
elapsed between f i sh  transects of different  s i t e s  to  allow the coral and algae 
team t o  complete the coral and algae t ransects ,  and to  locate the next s i t e  to  
. , 
be surveyed. 
In addition, points of in te res t  and species of f ishes outside of t ransect  
areas were noted on vinyl underwater s l a t e s  and l a t e r  transcribed to  data sheets 
for processing and storage. Col 1 ected data were processed via several programs 
devised by Dennis Kam of the Hawaii coastal Zone Data Bank (HCZDB)  . The HCZDB 
printout included number of species found a t  each part icular  location, number 
of individuals per species, biomass, standard length, 'frequency of occurrence 
(number of s ta t ions a particular species appeared at; divided by the total  number 
of s ta t ions conducted), and presence/absence of species on transects.  
The species of fishes were categorized by feeding habits based on feeding 
studies done by Hobson (1974) a t  Kona, Hawaii. The three categories were: 
(1 ) herbivores--strictly algal and de t r i tus  feeders ; (2)  omnivores--opportunistic 
feeders on both plant and animal matter; and ( 3 )  carnivores--feeders on animal 
matter, including coral ,  plankton, and other f ishes.  
Dominant groups of f ishes.  were determined by h i g h  frequency of occurrence 
(30.615) rather than h i g h  biomass or large numbers of individuals since i t i ne ran t  
species occurring in large schools on a few transects would have large biomass 
and numbers, yet  would not t ruly indicate the commonness of that  species. 
Fishes were grouped by occurrence over similar substrates in an e f f o r t  t o  
determine preferred habitat .  Habitats included steep slopes w i t h  abrupt dropoffs; 
a gen t l e r ,  s l op ing  bottom w i t h  r i c h  c o r a l  cover; areas o f  boulders and ledges; 
and areas w i t h  sparse co ra l  cover on a  s i l t  o r  sand bottom; 
* 
It must be noted t h a t  i n fo rma t ion  c o l l e c t e d  by the  v i s u a l  census method i s  
only a rough est imate and a t  bes t  a  conserva t ive  est imate o f  t h e  t o t a l  popu la t i on  
present.  Discrepancies between the  ac tua l  popu la t i on  and data c o l  l e c t e d  can be 
a t t r i b u t e d  to :  (1)  the  several  f a m i l i e s  o f  noc turna l  f i shes ,  such as apogonids 
( 'upapal us) ,  ho locen t r i ds  ( s q u i r r e l  f i s h e s ) ,  and p r i acan th ids  ( 'aweoweos) , which 
. , 
r e t r e a t  i n t o  cracks and c rev ices  du r ing  the  day (Gosl ine and Brock, 1960; Hobson, 
1968) making sampl i n g  d i f f i c u l t ;  ( 2 )  the  behavior and r e l a t i v e  abundance o f  c e r t a i n  
crepuscular species which occur dur ing  dawn and dusk per iods (Hobson, 1965; 1968) 
and would be overlooked by the  v i sua l  t ransec ts  run  a t  o the r  t imes; and ( 3 )  observers 
"spooking" f i shes  o u t  o f  t he  area under study. 
Other methods o f  sampl i n g  such as f i s h  poisoning (Randal 1, 1963) and use o f  
explosives (Tal bot,  1965) were no t  considered. A1 though p o s s i b l y  y i e l d i n g  a  
more complete count, these methods would be det r imenta l  t o  the  popu la t i on  sampled. 
C. subs t ra ' te  
The c o r a l / i n v e r t e b r a t e  and algae surveys were done i n  con junc t i on  w i t h  the  
f i s h  surveys a t  each designated s i t e  t o  a l l o w  f o r  a  c o r r e l a t i o n  o f  the  th ree .  
For each t ransec t ,  t en  random numbers (0-100) were p icked from a  random 
numberstable and subsequently matched t o  the meter number on the  l O O m  t r a n s e c t  
l ine .  For example, i f  the  number 17 was picked, t h a t  would i n d i c a t e  one sampling 
s i t e  on the  17 meter mark. 
A t  each o f  t he  10 sampling s i t e s  a long the  l i n e ,  a  mod i f i ed  photographic 
method devised by D r .  S. A r thu r  Reed and a  v i s u a l  f i e l d  i d e n t i f i c a t i o n  were 
employed. The photographic method u t i l i z a d  a  Nikonos camera equipped w i t h  a  
35mm lens  mounted on a  1.3m h igh  aluminum stand. L i g h t  readings were taken a t  
Fig. 8.) Problemoccurred w i t h  t h i s  method when the  depth o f  the  water over  t h e  
ree f  f l a t  was l e s s  than f o u r  f e e t  (see Fig.  9), and when one o f  t he  po'ints on 
I the t ransect  was loca ted i n  an area w i t h o u t  a f l a t  bottom f o r  t h e  stand t o  r e s t  
upon (See Fig.  10).  
A p l a s t i c  5cm by 5cm card  marked w i t h  t h e  area and sample number was p laced 
on the subs t ra te  sample t o  i nsu re  c o r r e c t  i d e n t i f i c a t i o n  o f  the  photograph. The 
.,. 2 camera photographed a 0.5m by 0.8m sec t i on  f o r  a t o t a l  area o f  4m along t h e  
ent ire t ransect .  V isual  f i e l d  i d e n t i f i c a t i o n  was conducted a t  the  same time, 
with samples o f  unknown species r e t r i e v e d  f o r  l a t e r  i d e n t i f i c a t i o n .  Coral species 
and other types o f  subs t ra te  were recorded on p l a s t i c  s l a t e s .  Th is  v i s u a l  method 
insured some data i n  the  event o f  f i l m  . f a i l u r e  and was used as an a i d  t o  proper  
taxonomic i d e n t i f i c a t i o n  when s l i d e s  were reviewed. 
The subs t ra te  'was d i v i d e d  i n t o  s i x  ca tegor ies  and' de f ined as! (1) hard b a s a l t  
bottom; (2)  rubb le  ( loose, dead co ra l ) ;  ( 3 )  sand; (4)  s i l t  and mud; ( 5 )  a l g a l  mat 
and; (6 )  1  i v e  c o r a l  . 
2 The s l i d e s  were p ro jec ted  l i f e - s i z e d  onto a screen w i t h  lOcm g r i d s  and t h e  
percent cover o f  each category was est imated. For example, i f  15 g r i d s  were 
occupied by th ree  species o f  c o r a l  and the  remaining 10 by rubble,  i t  cou ld  be 
estimated t h a t  60 percent  o f  t h a t  p a r t i c u l a r  s i t e  was l i v e  c o r a l  cover and 40 
percent rubb le .  The 1 i v e  co ra l  cou ld  be broken down i n t o  percent  cover by 
species us ing  the  same 'method. 
Frequency o f  occurrence and s i m i l a r i t y  i nd i ces  were a l s o  obta ined by t h e  
Hawaii Coastal Zone Data Bank. Frequency o f  occurrence i s  t he  number o f  t r a n -  
sects on which a p a r t i c u l a r  type o f  subs t ra te  o r  species appears, d i v i d e d  by the  
total number o f  t ransec ts  conducted. S i m i  l a r i  ty index i n d i c a t e s  how s i m i l a r  (by 
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F i g .  10 Another problem encountered by the coral/invertebrate team with the 
camera stand was the unevenness o f  the bottom. A t  cer tain s i t e s  the a?ea . 
photographed was almost perpendicular to  the bottom. 
1-4 - 
percent o f  i n d i v i d u a l  species)  one t r a n s e c t  i s  t o  another,  by t he  va lue ob ta ined 
from the  Sorensen q u o t i e n t     or ens en, 1948). - 
A + B  
A  = Tota l  number o f  i n d i v i d u a l s  a t  Transect  A 
B  = To ta l  number o f  i n d i v i d u a l s  a t  Transect  B  
al= Number o f  i n d i v i d u a l s  o f  species 1  a t  Transect  A 
bl= Number o f  i n d i v i d u a l s  o f  ' i pec ies  1  a t  Transect B 
Therefore, t he  h igher  t h e  va lue between t ransec ts ,  t he  more a l i k e  they  are.  
The a lgae survey was conducted us ing  SCUBA and a  mod i f i ed  po in t -quadra t  method. 
uadra t  d i v i d e d  by a  lOcm g r i d  was p laced a t  f i v e  p o i n t s  (every  o t h e r  
po.int of t he  i n v e r t e b r a t e  team's t en  random p o i n t s )  a long a  l O O m  t r a n s e c t  1  i ne .  
2 At each p o i n t  t he  dominant algae occupying each o f  t h e  25 lOcm squares of t h e  
gridded quadrat  was i d e n t i f i e d  and mapped on a  p l a s t i c  s l a t e  bear ing  a  sca led  
down g r i d .  (See F ig .  8.) V isual  est imates f u r t h e r  d i v i d e d  an i n d i v i d u a l  lOcm 
square i n t o :  (1 )  two par ts ,  i n d i c a t i n g  50% cover  between two genera; o r  ( 2 )  t h r e e  
parts, i n d i c a t i n g  33% cover between th ree  genera; o r  (3 )  f o u r  p a r t s  i n d i c a t i n g  
25% cover between f o u r  genera ( r a r e l y  done). 
Un iden t i f i ed ,  dominant algae occu r r i ng  i n  t he  t ransec t  were c o l l e c t e d  and 
recorded i n  code t o  p rov ide  a  bas is  f o r  f u r t h e r  i d e n t i f i c a t i o n  upon r e t u r n  f rom t h e  
f ie ld  work. I n  the  absence of a l g a l  cover, t h e  type o f  subs t ra te  beneath each 
are  was recorded. To standard ize terms, t he  i n v e r t e b r a t e  team's d e f i -  
nit ions of s p e c i f i c  subs t ra te  were fo l lowed,  except  f o r  "rubble,"  which i nc luded  
l ive cora l  i n  t h i s  study. 
Comments i n c l u d i n g  genera of algae observed on o r  near t he  t r a n s e c t  l i n e  
but not recorded on the  t ransec t ,  i n t e r e s t i n g  fea tu res  o f  t he  subs t ra te ,  
physical f a c t o r s ,  and unusual events  o c c u r r i n g  d u r i n g  t h e  t r a n s e c t  were a l s o  
noted. T r a n s c r i p t i o n  o f  t h e  raw da ta  f rom t h e  p l a s t i c  t r a n s e c t  s l a t e  took  p l a c e  
* 
immediately a f t e r  each t r a n s e c t  t o  avo id  t r a n s c r i p t i o n  e r r o r .  
2 Values corresponding t o  t h e  p r o p o r t i o n  o f  lOcm squares each genus occup ied  
per t r a n s e c t  were t a b u l a t e d  by t h e  Hawaii Coasta l  Zone Data Bank. The area 
2 
surveyed pe r  t r a n s e c t  amounted t o  1.25m . Each survey area was analyzed f o r  f r e -  
quency ( t h e  number o f  t r ansec t s  a  genus appeared i n ,  d i v i d e d  by t h e  t o t a l  number 
.,. 
2 of t ransec ts  performed) and percen t  cover  ( t h e  number o f  1Ocm squares occup ied  
by a genus, d i v i d e d  by t h e  t o t a l  number o f  squares).  Algae w i t h  a frequency of  
20.50 o r  appear ing on a t  l e a s t  h a l f  t h e  t r a n s e c t s  were cons idered  dominant forms. 
Tests o f  Sorensen ' s  s i m i l a r i t y  q u o t i e n t  were a1 so r u n  between t r a n s e c t s  . 
111. RESULTS 
A .  Algae 
Work a t  Honolua Bay y i e l d e d  16 completed t r ansec t s ,  13 w i t h i n  t h e  e l l i p s e  
o f  the bay, one o u t s i d e  t h e  e l l i p s e ,  and two o u t s i d e  Honolua Bay proper .  (See 
F ig .  11 and Tab1 e 1. ) The t r ansec t s  ranged between 1 .2m and 13.7m i n  depth and 
had an average d e v i a t i o n  i n  depth pe r  t r a n s e c t  of 2.5m. 
Honolua Bay d i s p l a y s  d i v e r s e  b e n t h i c  f l o r a .  Th i r t y -one  a l g a l  spec ies were 
observed: 28 "known " two " u n i d e n t i f i e d "  r e d  algae, and one "unknown," a long  w i t h  
three types of  subs t ra te - - rubb le ,  sand, and s i l t .  (See Table 2 f o r  a  complete 
l i s t i n g  o f  species.) Many t h a l l i  o f  T u r b i n a r i a  sp. and Galaxaura sp. were seen 
and noted on t he  b a s a l t  shelves y e t  these genera appeared r e l a t i v e l y  few t imes  
on the t r ansec t s .  
The dominant genera ( f requency 2 0 . 5 )  and t h e i r  cor responding pe rcen t  cover  
2 for 20m t o t a l  t ransec ted  area were c o r a l l i n e  r e d  algae, f i l amen tous  r e d  a lgae,  
and Amansia sp., another  r e d  a lga.  
Fig.  11 Mercator p r o j e c t i o n  c h a r t  of Honolua Bay, Maui, w i t h  t h e  approximate 
loca t ions  o f  t h e  16 m o n i t o r i n g  s i t e s ,  (Sca le  1:8,000 and 1 "  o f  l a t i t u d e  = 
101.268 f e e t ) * .  
*Capt. B i l l  Aus t in ,  master o f  t h e  Machias, cons t ruc ted  t h e  c h a r t  by t r a n s -  
f e r r i n g  o f f s e t s  f rom USGS c h a r t  no. 4130. T r a n s f e r r i n g  f r om such a  sma l l  s c a l e  
chart r e s u l t s  i n  a  coast1 i n e  t h a t  does n o t  show t h e  d e f i n i t i o n  t h a t  would be 
achieved by us ing  an a e r i a l  photograph., o r  a  l a r g e r  s c a l e  c h a r t .  "Midd le Po in t , "  
the boat  ramp, "Crescent Point , "  "South Po in t , "  and "South Rock" a r e  a r b i t r a r y  
names g iven  t o  areas used as t r i a n g u l a t i o n  p o i n t s  f o r  t h e  l o c a t i o n  of t h e  mon i t o r -  
ing s t a t i o n s .  S t a t i o n s  1, 2 ,  and 4  a r e  s i t u a t e d  o u t s i d e  t h e  proposed mar ine 
tonservat ion d i s t r i c t .  June 18, 1976. 
T A B L E  1 
Coordinates, depth and visi bi 1 i ty of the 16 monitoring sites at Honolua Bay, Maui I 
Direction of Horizontal 
Site Latitude Longitude Transect Depth (meters) Visi b i  1 ity (meters) 
1 21°00'56" N 1 56'38 ' 54" W 328%'~ 6.1 - 10.1 6.1 - 12.2. 
2 21°01 '19%"N 156'38 '46$"W 132 OT 6.1 - 9.1 9.1 - 12.2 
3 21°01 '06" N 156~38'39" W 41 OT 4.6 - 13.7 9.1 
4 21 '01 '01$"N 156'38 ' 464"W 47 OT 10.7 15.2 
5 21°01 '03" N 156038'39%"w follows pt. from 9.1 30.5 E-W around point 
6 21°01 '10+"N 156'38 ' 39" W 130 OT 4.6 - 6.1 . 21.3 - 24.4 
7 21'01 '00" N 156O38'30" W 275 OT 1.5 - 3.0 15.2 
8 21'01 '10" N 156~38'34" W 132 'T 1.8 - 2.4 18.3 
9 21'01'07" N 156O38'31" W 132 OT 6.7 12.2 
10 21 '01 '044"N 156'38 '27" W 209 OT 2.7 - 3.0 9.1 
11 21 '01 ' 05" N 1 56'38 ' 32" W 201 'T 9.1 9.1 
12 21°01 '01" N 
e 156'38'35" W 281 +OT 3.0 - 7.6 -22.9 
13 21'01'03" N 156'38'35" W 282. OT 1.8 - 7.6 . 24.4 I 
14 21°01'11" N 156~38'34" W 116 'T 1.2 - 1.5 9.1 I 7 5 21 '01 '08" N 156'38 '30" W 1 1 &O? 1.2 - 6.1 6.1 - 12.2- 
16 2 1'0 ' 0Ok"N 755'38 '26." W 0 7 % ' ~  1.8 - 2.4 12.2 
\ 
* 
T A B L E  - 2  
I - Algae spec ies a t  Honolua Bay, Maui, w i t h  f requency and pe rcen t  cover  f o r  2M 2 I . . ~ r e q u e n c y  Percent  cover  
Phyl um Cyanophyta 
F i  1 amentous--Genus undetermined 0.125 
Symploca sp. 0.063 1 Phyl um Chl orophyta 
Filamentous--Genus undetermined 
Enteromorpha sp. . , 
D i  c t yosphe r i  a cavernosa 
D i c t yosphe r i a  v e r s l  u y s i  i 
Mic rod i c t yon  -sp 
Udotea sp. 
Bryops is  sp. 
Codium sp. 
Halimeda sp. 
( Phylum Phaeophyta 
Encrustinq--Genus undetermined 
~i 1 amentois-am en us undetermined 
R a l f s i a  sp. 
D i c t y o t a  sp. 
Lobophora sp. 
T u r b i n a r i a  SD. 
Phyl um Rhodophyta 
Genus undetermined f rom 
Transect  7 0.125 
Encrusting--Genus undetermined 0.188 
Filamentous--Genus undetermined 0.750 
Fami ly  Coral l inaceae-Genus undetermined 0.688 
~ a l a G u r a  sp. 
P t e r o c l a d i a  sp. 
. Amphiroa sp. 
Jan ia  sp. 
Hal o p l  egma sp. 
S p y r i d i a  sp. 
Amansia sp. 
T o l y p i o c l  a d i a  sp. 
Phyl um undetermined 
U n i d e n t i f i e d  f rom Transect  1 
Unknown 
Substrate 
Rubble 
Sand 
S i l t  
T A B L E  3 
- 
Dominant a1 gae ( f requency3  0.5) and corresponding percent  cover  observed 
a t  Honolua Bay, Maui. 
Genus Frequency Percent cover 
Jan ia  sp. 0.875 
Filamentous Rhodophyta 0.750 
Family Coral l inaceae 0.688 
Amphiroa sp. 
Amansia sp. 
Three o f  t he  dominant genera,Jania sp., Amphiroa sp., and f i lamentous I Rhodophyta, were almost always observed ep i  t h y t i c  on each other, forming t u f t s  / or mats cover ing  and f i l l i n g  pockets i n  the  hard subs t ra te  o r  f i l l i n g  the  space 
between f i n g e r s  o f  co ra l s .  Filamentous reds were o f ten  observed i n  l i g h t  growth 
on the heads o f  l i v e  co ra l s .  Amansia sp. a l s o  seemed t o  form t u f t s  o r  mats on 
the same substrates.  Crustose members o f  t he  f a m i l y  Cora l l inaceae formed encrusta- 
tions over t h e  boulders near shore. Often Jan ia  sp., Amphiroa sp. ; f i l an~en tous  
Rhodophyta, o r  mats of a l l  th ree  were observed growing on the  encrus ta t ions .  
5; Substrate 
i The t ransec ts  done i n  Honolua Bay showed a l a r g e  number o f  c o r a l  specie's 
and a v a r i e t y  o f  subs t ra te  types. S i x  bottom types were repo r ted  i n  t he  16 t r a n -  
sects done i n  and around the  bay area. (See Table 4.) I n  t he  1 i v e  c o r a l  category, 
13 coral species were represented. (See Table 5. ) 
B Along the  f r i n g i n g  b a s a l t  ledges where c o r a l  growth occurred coverage 
up t o  36.4 percent  w i t h  a d i v e r s i t y  o f  up t o  12 species i n  some areas was found. 
The area around the  boat  ramp, near t he  mouth o f  Honolua Stream, i s  covered 
with a f i n e  te r r igenous s i l t  t h a t  extends outward i n t o  the  channel. L i t t l e  c o r a l  
cover was seen i n  t h i s  region,  a t o t a l  of 1.2 to 6.4 percent  c o r a l  cover  was 

T A B L E  5 
Abundance and d i s t r i b u t i o n  of c o r a l s  a t  Honolua pay 
. < 
Por i t e s  lobata  
Montipora verrucosa 
Por i t e s  compressa 
Montipora f l  abel l a t a  
Montipora v e r r i l l i  
Poci 11 opora meandrina 
Mon t i por a p a t u l a  
Cyphastrea -- o c e l l i n a  
Pavona v a r i  ans 
Leptastrea bo t t ae  
Poci 1 lopora darnicornis 
-
Pavona i r r e g u l a r i s  
Pavona expl anul a t a  
Frequency 
0.938 
0.875 . 
0.563 
0.500 
0.750 
0.750 
0.500 
0.750 
0.438 
0.438 
0.375 
0.188 
0.188 
% of Total  Live Corals  
36.6 
15.0 
14.1 
10.9 
7.0 
T A B L E  6 
Percent cover and number of coral species a t  each s i t e  
S i t e  
-
Coral cover (%) .. Number of Coral Species 
1 29.8 9 
2 30.2 7 
3 24.5 9 
4 0 . 0  0 
5 7.1 6 
6 22.7 11 
On t h e  southern p o r t i o n  of t he  bay's r e e f ,  t h e  number o f  species and c o r a l  
abundance . increased near "Crescent Po in t . "  (See F ig .  12. ) On t ransec ts  12 
a 
and 13, c o r a l  cover was recorded a t  34.7 percent  and 36.4 percent  w i t h  a d i v e r -  
s i ty  o f  9 and 10 species, r e s p e c t i v e l y .  
The no thern  r e e f  extending t o  "Middle Po in t "  showed l e s s  c o r a l  cover  b u t  
a higher d i v e r s i t y  i n  some areas. Transects 3 and 9 bo th  showed somewhat h i g h e r  
coral cover  (24.5 percent  and 30.8 percent )  f o r  t h i s  area, b u t  somewhat lower  
. , 
d i ve rs i t y  (7 t o  9 species) .  A t  t r ansec ts  6 and 8, t h e  c o r a l  cover  remained 
a t  22.7 percent  and 20.9 percent  b u t  w i t h  a h ighe r  d i v e r s i t y  o f  11 and 12 species, 
respect ively.  A Sorensen's s i m i l a r i t y  index was c a l c u l a t e d  between a1 1 p a i r s  o f  
the t ransec ts  (see Table 7 ) .  
Cor,als most abundant i n  t h e  Bay were P o r i t e s  loba ta ,  Mont ipora verrucosa, 
and Po r i t es  compressa, occu r r i ng  a t  f requencies o f  0.938, 0.875, and 0.563, 
respect ive ly .  (See Table 5 ) .  O f  t h e  t o t a l  area surveyed, 17.2 percent  was l i v e  
corals w i t h  a d i v e r s i t y  o f  13 species. 
.The non-coral  subs t ra te  o f  t he  bay covered 82.8 percent  o f  t h e  area sur -  
veyed and cons is ted  o f  f i v e  bottom types. A l a r g e  p o r t i o n  o f  t h e  area was a l g a l  
mat, s i l t ,  and sand w i t h a  l a r g e  percentage o f  hard bottom occu r r i ng  on t ran-  
sect number 7. (See Table 4. ) 
C. F i sh  . 
A t o t a l  o f  6,123 i n d i v i d u a l  f i s h  (mean = 236 per  t r a n s e c t )  were counted a long 
the 26 s t a t i o n s .  This  ranged from a h i g h  of 1,774 f i s h e s  a t  s t a t i o n  3 t o  a l ow  
o f  14 f i s h e s  a t  S t a t i o n  11. Of t he  t o t a l ,  5,698 f i s h e s  were i d e n t i f i e d  t o  species, 
while the  o t h e r  425 f i s h e s  cou ld  o n l y  be c l a s s i f i e d  t o  f a m i l y  (see Appendix 1 ) .  
A mean o f  22 species per  t r ansec t  was encountered, w i t h  s t a t i o n  3 c o n t a i n i n g  
the h ighes t  d i v e r s i t y  (41 species),  and S t a t i o n  11 t h e  lowest  d i v e r s i t y  ( 5  species)  
The observed f i s h  popu la t i on  cons is ted  o f  76 species rep resen t i ng  44 genera i n  
Fig. 12 Coral diversity and cover over the southern reef flat. 
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I 18 f am i l i es * .  Wi th  t h e  f i s h  spec ies i d e n t i f i e d  on t h e  t h r e e  p rev ious  s tud ies ,  
the t o t a l  f i s h  spec ies noted t o  da te  i n  Honolua Bay s tands a t  95. 
* 
The most common f i s h  i n  t h e  bay was t h e  l a b r i d  Thalassoma duper rey i  
(Hinalea l a u w i l i ) ,  w i t h  a  f requency o f  1.000 (See Tab le  8.) It 'was a l s o  t h e  
most abundant spec ies i n  t h e  s tudy  area w i t h  821 members (abou t  11.8 pe rcen t  o f  
the popu la t i on ) .  The most f r e q u e n t l y  seen f i s h e s  ( f requency  2. .0.615) were members 
/ of t h e  f o l l o w i n g  f a m i l i e s :  Acanthur idae ( su rgeon f i sh ) ,  Bal  i s t i d a e  ( t r i g g e r -  and 
.?. 1' / f i l e f i s h ) ,  Chaetodont idae ( b u t t e r f l y f i s h ) ,  Labr idae  (wrasses) ,  Mu1 1  i d a e  (goat -  
i 
f i sh ) ,  Pomacentridae (damsel f i s h ) ,  and Te t raodont idae  ( p u f f e r s  o r  b a l  l o o n f i s h ) .  
Honolua Bay was d i v i d e d  i n t o  t h r e e  ma jo r  h a b i t a t s :  boulder ,  r e e f  f l a t ,  
and r e e f  face .  (See Fig.  6, 13, l f fand  15.) The r e e f  f l a t  h a b i t a t  had t h e  l a r g e s t  
number o f  f i s h  w i t h  43.4 pe rcen t  (2,657 f i s h e s )  o f  t h e  t o t a l  (see Tab le  9 ) .  
This was f o l l o w e d  c l o s e l y  by t h e  r e e f  face  h a b i t a t  w i t h  41.9 pe rcen t  (2,567 f i s h e s ) .  
The bou lder  h a b i t a t  con ta ined  14.7 pe rcen t  (899 f i s h e s ) .  When compared t o  t h e  
other h a b i t a t s ,  t h e  bou lder  h a b i t a t  f i s h  p o p u l a t i o n  cons i s ted  o f  l a r g e r  numbers 
o f  j u v e n i l e s  f rom t h e  spec ies Acanthurus t r i o s t e g u s  (manin i  ), Chromis -- ova l  i s ,  
Chromis vande rb i l  ti, and Parupeneus porphyreus (kumu) . 
A r e l a t i v e  abundance index  o f  t h e  f i s h e s  i n  t h e  h a b i t a t s  was c a l c u l a t e d .  
The r e l a t i v e  abundance o f  a  spec ies i s  t h e  percentage t h a t  spec ies represen ted  
o f  a1 1  f i s h e s  ( i n d i v i d u a l s )  counted a long  a1 1  t r a n s e c t  1  i n e s  i n  t h a t  h a b i t a t  
( a f t e r  Hobson, 1974). Pomacentrids head t h e  l i s t  i n  two o f  t h e  h a b i t a t s :  Chromis 
leucurus i n  t h e  r e e f  face  h a b i t a t ,  and Eupomacentrus f a s c i o l a t u s  i n  t h e  b o u l d e r  
h a b i t a t  (see Table 9 ) .  A  l a b r i d ,  Thalassoma dupe r rey i  was most abundant on t h e  
reef f l a t .  The o n l y  spec ies i n  t h e  t o p  f i v e  o f  a l l  t h r e e  h a b i t a t s  a r e  
Eupomacentrus f a s c i o l a t u s  and Thalassoms dupe r rey i .  
*The f a m i l y  Scar idae ( p a r r o t f i s h e s )  i s  n o t  i n c l u d e d  i n  t h e  l i s t  because 
none o f  t h e  menbers cou ld  be i d e n t i f i e d  to species.  
7 
27 - 
T A B L E  8 
. , 
The most frequently observed f i sh  species a t  Honolua Bay, Maui 
Fish Frequency Total Number 
Thal assoma d u ~ e r r e y i  . 1 .OOO 82 1 
Eu~omacentrus fasciol  atus .846 774 
Acanthurus nigrofuscus .846 547 
S te tho ju l i s  ba l tea ta  .731 138 
Parupeneus mu1 ti f asci atus .731 78 
Pervaqor- spilosoma ,731 76 
Gomphosus varius .654 5 9 
Chaetodon unimaculatus .654 52 
Acanthurus t r ios tegus  .615 178 
Canthiqaster janthinopterus ,615 - 47 
2,770 
1 
--- 
Fig. 13' The a lgal  mat growing along the  bottom of t he  inshore boulder hab i t a t  
of Honolua Bay. Very l i t t l e  coral  cover occurs i n  this hab i ta t .  
T Fig. 14 The coral  growth over the  reef f l a t .  
Fig .  15 The r 
the mid-channe 
The f i s h e s  were c l a s s i f i e d  i n t o  t h r e e  b a s i c  f eed ing  groups acco rd ing  t o  
H i a t t  and S t rasburg  (1  960) and Hotison (1 974): he rb i vo re ,  ca rn i vo re ,  and 
a 
omnivore. (See Appendix 2. ) 
T A B  L  E  9 
F i sh  spec ies most f r e q u e n t l y  seen a long  t r a n s e c t  l i n e s  i n  Honolua Bay, Maui 
A. Reef Face H a b i t a t  
SPEC1 ES RELATIVE ABUNDANCE INDEX 
1. Chromis leucurus  
2. Decapterus p i n n u l a t u s  .215 
3. Eupomacentrus f a s c i o l a t u s  .088 
4. Thalassoma duper rey i  .082 
5. Chromis o v a l i s  .062 
To ta l  number o f  f i s h  i n  h a b i t a t  = 2,567. 
Th is  t a b l e  i s  based on da ta  f rom e i g h t  s t a t i o n s  a t  f o u r  t r a n s e c t s  (3, 5, 9, and 
15), l o c a t e d  a long  t h e  n o r t h e r n  r e e f  face  and t h e  p o i n t  between Honolua and 
fdakuleia Bays. To ta l  number o f  spec ies seen a t  t r a n s e c t s :  59; mean number o f  
ind iv idua ls  o f  a l l  spec ies pe r  t r a n s e c t :  317. T o t a l  b iomassg53.657 kg. 
1 B. Reef F l a t  H a b i t a t  
SPECI ES 
1  Thalassoma duper rey i  
2. Acanthurus n i g ro fuscus  
3. Eupomacentrus f a s c i o l a t u s  
4. Chromis leucurus  
5. Acanthurus t r i o s t e g u s  
T o t a l  number o f  f i s h  i n  h a b i t a t  = 2,657. 
RELATIVE ABUNDANCE INDEX 
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Th i s  t a b l e  i s  based on da ta  f rom t e n  s t a t i o n s  a t  f i v e  t r a n s e c t s  (6,  8, 12, 
13, and 14)  a top  t h e  f r i n g i n g  r e e f s  o f  t h e  bay. T o t a l  number o f  spec ies seen 
a t  t r ansec t s :  59; niean number o f  i n d i v i d u a l s  o f  a l l  spec ies p e r  t r a n s e c t :  231. 
Total biomass 567.134 kg. 
C. Boulder Habitat 
SPECIES RELATIVE ABUNDANCE INDEX, 
1, . Eu~omacentrus fasciol  a tus  .212 
2. Chromis oval is  .I76 
3. Thalassoma duperrev!' 
4. Acanthurus niqrofuscus 
5. Stetho.ju1 i s  bal t ea ta  . , 
i Total number of f i s h  in habi ta t  = 899. 
I 
I 
I This t ab l e  i s  based on data from eight  s ta t ions  a t  four transects (7 ,  10, 
I 11, and 16) along the  smooth rock area a t  the  back of t he  bay. Total number 
of species seen a t  t ransects :  41; mean number of individuals of a l l  species  
per transect:  106. Total biomass 9 23.256 kg. 
In t he  f i s h  population, 63.8 percent (3,843 f i she s )  were carnivores, 
32.5 percent (1,953) herbivores, and the remaining 3.7 percent (227 f i s h e s )  were 
omnivores. (See Fig. 16.) The t o t a l  weight of f i s h  i n  each feeding category 
was calculated ( a f t e r  Smith, 1949). The computed biomass* of the  groups fo l  lovied 
the same trend as  the numbers of individuals of each group: 56.7 percent 
(89.93 kg) were carnivores, 37.1 percent (58.81 kg) herbivores, and 6.2 percent 
(9.72 kg) omnivores. (See Fig. 16.) An exceptionally high r a t i o  of carnivores 
to herbivores (11: 1) occurred a t  s t a t ion  3. . 
A .  Algae 
The functions of al.gae i n  marine ecosystems do not make themselves e a s i l y  . 
apparent. As primary producers, they serve as  a basis  of food production and 
*The family Scaridae i s  c l a s s i f i ed  as  herbivorous (Randal 1 ,  1967; and 
Hobson, 1974), but the biomass of the scar ids  could not be calculated because 
ident i f ica t ion was not made t o  species. 
100 - -- F ig .  16 ' Graphs o f  t he  
category; 0 = omnivore 
biomass and number o f  f i s h  by feed ing  
, H = herbivore;C = ca rn i vo re .  
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/ many calcareous forms c o n t r i b u t e  d i r e c t l y  t o  r e e f  b u i l d i n g  as we l l .  as prov ide  
sedimentation i n  r e e f  environments (Smith, e t  a l . ,  1973). They a l s o  prov ide  
/ major sources . . o f  o rgan ic  ma t te r  i n  c h i e f l y  i no rgan ic  a t o l l  s o i l s  (Doty, 1973). 
I 
I 
1 Any comprehensive study o f  a  marine environment should i nc lude  a  census o f  t h e  
1 t 
algae popu la t ion  because o f  i t s  mu1 t i  faceted r o l e  i n  marine ecosystems. t 
2 
C o r a l l i n e  red  algae, Jania sp. i n  p a r t i c u l a r ,  seem t o  p r e f e r  hard subs t ra tes  t 
and h igh  energy environments (Smith e t  . , a1 . , 1973). This  probably e x p l a i n s  i 
the c o r a l l i n e  red  a lgae ' s  abundance on the  b a s a l t  shelves. However, c rus tose 
members o f  the  f a m i l y  Coral l inaceae and i t s  f r a g i l e  genera Jania sp. and Amphiroa 
i 
sp. were observed under a l a y e r  o f  s i l t  on boulders near shore i n  r e l a t i v e l y  
calm waters. On many t ransec ts  near shore, t he  observer had t o  "brush" a  s i l t  
1 
layer o f f  t h e  boulders t o  observe the  algae. I n t e r e s t i n g l y ,  even w i t h  f r e s h  
water i n  t he  bay near shore, euryha l ine  genera such as Enteromorpha sp. o r  U lva  
sp. were uncommon. 
Competi t ion f o r  space between c o r a l  s  and a1 gae (Maragos , 1972) seemed e v i  dent  
from t u f t s a f f i l a m e n t o u s  algae growing on heads and between f i n g e r s  o f  c o r a l .  
Grazing pressure must c e r t a i n l y  p r e v a i l  w i t h  a  f i s h  popu la t i on  of 36.2 percent  
omnivores and herb ivores and a  no t i ceab le  sea u r c h i n  populat ion,  a1 so herb ivorous  
feeders (Dunlap, personal communication). I 
, The Sorensen s i m i l a r i t y  t e s t  shows a  f a i r l y  cons i s ten t  cover composed o f  t h e  
dominant genera throughout the  bay. (See Table 3.) 
General ly,  Honolua Bay showed a  h igh  p r o p o r t i o n  o f  a  v a r i e t y  o f  r e d  a lgae 
with a prevalence o f  encrus t ing  and f i lan ientous forms, an almost equal v a r i e t y  
o f  green a lgae w i t h  l i g h t  growths o f  f i lamentous greens on heads o f  l i v e  c o r a l s  
most apparent, and a  handful o f  Phaeophyta c o n s i s t i n g  main ly  c f  enc rus t i ng  forms. , 
B. Substrate 
In Honolua Bay, coral abundance was r e l a t i ve ly  low but W i t h  a high species  
a 
divers i ty  occurring i n  some areas.  On the  f r inging basa l t  ledges, corals  were 
consistently more abundant than i n  the areas  comprised of the  sand/si 1 t channel 
that  extends i n to  the  bay's head. Three important f ac to r s  affected regional 
abundance and d i s t r i bu t i on  of the  reef cora l s  i n  t he  bay: (1 )  subs t ra te  re1 i e f ,  
(2) sedimentation, and (3)  sal i n i t y .  
. , 
Along the  f r inging basa l t  ledges, coral cover ranged from 36.4 percent t o  
20.9 percent, except f o r  t ransec t s  14 and 15. On these two trarrsects, coral 
cover was down t o  15.9 percent and 3.6 percent respect ively;  t h i s  lower coverage 
was due t o  l a rge  sand pockets and large  percentages of alga4 mat. Corals were 
much l e s s  abundant i n  these areas due t o  t h e  competition f o r  subs t ra te  by a lgae 
growth. The low coral abundance on the  f r ing ing  reef  shows a lack of dominance 
and a higher degree of species d ive r s i t y  on t he  bas'alt ledges (Maragos, 1972). 
Hermatypic corals  were dominant along t h e  reef  slope. However, near t he  bottom 
of the  slope both coral and algae cover dropped off  sharply hhere sedimentation 
began. 
The central  s and / s i l t  channel of t h e  bay contained no l i v e  cora l s  except 
where some hard subst ra te  was found. (See Fig. 17. )  The high porosity of t h e  
sediments and sand caused these areas t o  be unsuitable f o r  coral attachment and 
growth. Transect 11 was conducted over the  channel and yielded no l i v e  coral 
except where occasional hard subst ra te  occurred. Near the  bay's  head, both t h e  
number of species and coral abundance dropped off  markedly. This region consisted 
of an inner area of s i l t ,  sand, and boulders t h a t  maintained small colonies of 
1 ive coral . 
Fresh water seepage i n to  the  bay occurs near the  mouth of Honolua Stream. 
There i s  a primary mixing zone between t he  stream's mouth and the  f i r s t  rock 

outcrop of the  southwest s ide  of the  bay (ECI, 1974). W i t h i n  t h i s  a rea ,  
t ransect  7 was carr ied o u t  and- the  large  percentage (34.7 percent)  of hard* b 
bottom was probably due t o  the r e s t r i c t i o n  of coral growth from low s a l i n i t y  l eve l s .  
Corals were most abundant on the f r inging basa l t  ledges on the  north and , 
south s ides  of the bay. The higher percentages of Por i tes  lobata on the  reef 
f l a t  suggests t ha t  t h i s  species thrived i n  areas subjected t o  heavy surge and 
s a l i n i t y  var ia t ions  (Maragos, 1972). 
I 
The growth of Montipora verrucosa w i t h i n  c e r t a in  areas of the bay showed I r 
that  this species did best  i n  shallow, low s a l i n i t y  areas of the  bay. Maragos 
(1972) s ta ted  t h a t  M. verrucosa showed a high negative corre la t ion t o  mean s a l i n -  
i t i e s  and t h a t  var ia t ions  i n  s a l i n i t y  appeared t o  s t imulate  i t s  growth. 
The branching growth form of Pori t e s  compressa enables i t  t o  dominate ree f  
slope subst ra tes .  Like - P. lobata ,  t h i s  coral appears dependent on water c i r cu l a t i on  
factors and thrived in  the outer  portions of t he  bay. 
Competition fo r  space by other  benthic organisms appeared t o  e f f ec t i ve ly  
regulate coral abundance (Maragos, 1972). Benthic algae damaged cora l s  and 
inhibited t h e i r  growth i n  some areas of the  bay. On t r ansec t  14, large  
amounts of algae (93.9 percent) accounted f o r  the  low percentage of 1 ive  coral 
(3.6 percent). Pori tes compressa i s  pa r t i cu la r ly  vulnerable t o  a t t ack  because 
o f  the ideal lodging spaces f o r  the  algae between the  f inger- l ike  branches of 
coral . 
Maragos (1972) suggested t ha t  sediment inhibi ted growth, surv iva l ,  and larval  
settlement of corals .  A t  Honolua Bay's f r inging reef slope,  both coral and algae 
cover decreased where the  sediment cover began. Data from t ransec t  3 
reinforced t h i s  statement because a sharp demarcation appeared as  the  t ransec t  
went up the reef slope. 
Currents, wave energy, and o ther  c i r c u l a t i o n  f a c t o r s  can a f f e c t  c o r a l  growth 
i n  many ways: e.g., abrasion, mechanical s t ress ,  sediment accumulation, o rgan ic  
* 
food supply, and v a r i a t i o n s  i n  the  phys ica l  p r o p e r t i e s  o f  sea water  ( s a l i n i t y ,  
temperature). Environmental Consultants, I nc .  (1  974) i n d i c a t e d  t h a t  Honol ua Bay 
received constant  c lockwise f l -ushing and the sur face and sub-surface cu r ren ts  
combined t o  f l u s h  n u t r i e n t s  over the  r e e f  areas. Also, ECI (1974) repo r ted  t h a t  
wave a c t i o n  w i t h i n  the  bay i s  minimal, b u t  i n  per iods o f  s t rong n o r t h e r l y  swe l ls ,  
. < 
3-4m waves break i n  the  bay. (See F ig .  18.) 
ECI (1974) documented t h a t  f r e s h  water seepage caused v a r i a t i o n s  i n  s a l  i n i  ty 
(34-36 ppm) and temperature ( 2 5 . 5 - 2 7 . 0 2 )  throughout the  bay. W i th in  the  bay 
these va r iab les  a re  c o n t r o l l e d  by l o c a l  c i r c u l a t i o n  pa t te rns  and may account f o r  
various zonat ions and d i s t r i b u t i o n  pa t te rns  o f  r e e f  c o r a l s .  
The d i s t r i b u t i o n  and growth o f  r e e f  c o r a l s  w i t h i n  Honolua Bay seem t o  be 
contro l  l e d  by the  i n t e r a c t i o n  among c e r t a i n  f a c t o r s :  (1  ) subs t ra te ,  ( 2 )  sedirnen- 
ta t ion ,  (3 )  sa l  i n i  t y ,  and (4 )  c i r c u l a t i o n  pa t te rns .  
P o r i t e s  species were more common i n  areas t h a t  were r i c h e r  i n  sediment 
(Maragos, 1972). It has been noted i n  o the r  s tud ies  t h a t  Montipora sp. may be 
s p e c i f i c a l l y  adapted t o  s l i g h t l y  es tua r ine  cond i t i ons  and i s  ab le  t o  do w e l l  
where wave energy i s  h igh.  
. A t  t he  bay 's  head, co ra l  growth and s u r v i v a l  p o t e n t i a l  a re  g r e a t l y  reduced 
'due t o  lower s a l i n i t i e s  and t o  sedimentat ion. 
C .  F ish  
A l a r g e  popu la t ion  o f  6,123 f i s h e s  was encountered a t  t h e  study area. The 
presence o f  such a  popu la t ion  w i t h  h igh  d i v e r s i t y  i s  t he  r e s u l t  o f  t he  var ious  
environmental cond i t i ons  w i t h i n  the bay. The two f r i n g i n g  ree fs ,  the  boulders, 
and the  r e e f  f l a t s  o f f e r  an assortment o f  subs t ra tes  f o r  the  f i s h .  
, Fig. 18 The long de l i ca te  spines o f  the sea u rch in  are a  good i n d i c a t i o n  o f  the 
calmness o f  the bay and the f resh water mix ing which goes on i n  the bay. 
I / larsl ial l  (1952) and Randall (1963) contended t h a t  t he  g rea te r  p a r t  of f i s h  
f a m  appeared t o  be associated 'w i th  co ra l  formations. Tal b o t  (1  965) demonstrated 
* 
that an increase i n  the  percentage and type o f  c o r a l  s t r u c t u r e s  increases the  
quant i ty and complexi ty  o f  t he  f i s h  popu la t ion .  I n  Honolua Bay, a h igh  c o r a l  
cover occurs over  the  r e e f  f l a t s  and the  f r i n g i n g  r e e f s  support  t h e  g r e a t e s t  quan- 
t i t y  and d i v e r s i t y  o f  f i s h  i n  the  bay. Along w i t h  co ra l ,  t he  benth ic  growth o f  
the bay conta ins  a l a r g e  v a r i e t y  o f  encrus t ing  and f i lamentous r e d  and green algae. 
Acanthurids and scar ids  feed on the  algae by scraping i t  o f f  the  subs t ra te  (Jones, 
1968; Hobson, 1974). Bardach (1959) and Randall (1963) added t h a t  as w e l l  as 
prov id ing increased she l te r ,  the t o t a l  surface area o f  t h e  subs t ra te  i s  increased 
i n  areas o f  h igh  co ra l  dens i ty ,  which u l t i m a t e l y  increases the  n iche s i ze .  
E h r l i c h  (1975) repor ted  t h a t  much o f  the  behavior  o f  r e e f  f i s h e s  seemed sub- 
s t ra te -or ien ted  because o f  s t rong predator  pressure. H a b i t a t  s e l e c t i o n  f o r  ree f  
f ishes became c r i t i c a l  s ince food must be found i n  c lose  p r o x i m i t y  t o  s u i t a b l e  
shel ter .  No l i v e  c o r a l  was present  i n  the  s a n d / s i l t  channel g f  t he  bay and t h e  
region f r o n t i n g  the  mouth of Honolua Stream. S ta t i ons  i n  these areas conta ined 
a considerably smal le r  q u a n t i t y  of f i s h  than the  r e e f  f l a t s .  
The l a r g e s t  quan t i t y ,  as w e l l  as d i v e r s i t y ,  o f  f i s h e s  occurred a t  s ta -  
t i o n  3. Inc luded among the  f i s h  popu la t ion  were e leven cleaners, Labroides 
phthirophagus. This adds another "physical f a c t o r "  t o  t he  1 i s t  mentioned above. 
Labroides phthirophagus i s  an o b l i g a t e  c leaner,  consuming mucus, scales, and 
dermal and epidermal t i ssues  i n  a d d i t i o n  t o  e c t o p a r a ~ i t e s ~ a n d  may supplement 
t h i s  c lean ing  d i e t  w i t h  zooplankton (Youngbluth, 1968). Slobodkin and F i she l  son 
(1974) have determined t h a t  the  presence of c leaners created a h igh  p o i n t  d i v c r -  
sity f o r  t he  area near the  c lean ing  s t a t i o n .  The i r  s tudy showed t h a t  l a r g e  
n o n t e r r i t o r i a l  d i u r n a l  f i s h  species o f  the  r e e f ,  which made up one-fourth of t he  
species o f  t he  ree f ,  tended t o  congrega tea tc lean ing  s t a t i o n s .  Thus, c leaners 
form a b i o l o g i c a l  focus of d i v e r s i t y  analogous t o  phys i ca l  l o c i  such as deep 
- 
holes and areas o f  g rea t  geometric complexi ty .  a 
None o f  t he  phys ica l  parameters mentionedabove a t  s t a t i o n  3 a r e  present  
a t  s t a t i o n  11, which r e s u l t e d  i n  t he  lowest  f i s h  count o f  a l l  the  mon i to r i ng  
s ta t ions .  The s t a t i o n  was l dca ted  over  t he  midbay s a n d / s i l t  channel which 
provided no s h e l t e r .  The few f i s h e s  observed on the  t ransec ts  were seen w i t h i n  
the l a s t  5m o f  the  southern end o f  t he  t ransec t  l i n e ,  a t  the  f o o t  o f  t h e  southern 
f r i n g i n g  r e e f .  Thus, the  f i s h  appear t o  be res iden ts  o f  the  c o r a l  rubb le  h a b i t a t ,  
not o f  t he  sand/s i l  t h a b i t a t .  
Thalassoma duperrey i  proved t o  be the  most abundant and most f r e q u e n t l y  seen 
f i s h  species i n  the  study s i t e .  Gosl ine and Brock (1960) s t a t e d  t h a t  t h e  genus 
Thalassoma i s  the  ' l a rges t  genus o f  t he  l a r g e s t  f a m i l y  (Labridae) o f  Hawaiian 
ree f  f i shes .  They noted t h a t  - T. duperrey i  i s  probably the  most common member 
o f  t he  genus and can be found i n  a v a r i e t y  of h a b i t a t s  from rocky subs t ra te  t o  
ree f  f l a t s .  Hobson (1974) supported t h i s  by  rank ing  - T. duperrey i  as h igh  as 
second and no lower than s i x t h  i n  h i s  t e n  f i s h  species most 1 i k e l y  seen i n  
the f i v e  major marine h a b i t a t s  a long the  Kona Coast. 
The . r e l a t i v e ,  abundance i nd i ces  o f  the  f i s h  species a t  each h a b i t a t  ( r e e f  
face, r e e f  f l a t ,  and boulder)  agree w i t h  the  f i n d i n g s  o f  Hobson (1974). The 
Honolua r e e f  face h a b i t a t  conta ins two species i n  t he  f i v e  most f r e q u e n t l y  seen 
f i s h  species t h a t  Hobson considers t o  be associated w i t h  t h i s  type o f  hab i ta t :  
T. duperrey i  and Eupomacentrus f a s c i o l a t u s .  Hobson r e f e r s  t o  t h e  r e e f  face  h a b i t a t  
- 
as having the  g rea tes t  v a r i e t y  o f  f i sh .  The Honolua reef  face h a b i t a t  i s  no 
exception. The r e e f  f l a t  and boulder  h a b i t a t s  had th ree  f i s h  species, Acanthurus 
nigrofuscus (maiko), - E. f a s c i o l a t u s ,  and - T. duperrey i  , which co inc ided w i t h  
Hobson's r e s u l t s  . 
The boulder  h a b i t a t  has a f i s h  popu la t i on  composed of a l a r g e  q u a n t i t y  o f  
juven i les .  ECI (1974) repor ted  j u v e n i l e s  i n  t h e  rounded rock  bottom area near t h e  
4T 
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stream mouth and dark sand beach on the  west, and near t he  boat  ramp and rock  + 
s l i d e  areas on the  east .  Along w i t h  the  r e e f  f i s h  j u v e n i l e s  %I the  t r a n s e c t  area, 
a 
l a rge  schools o f  j u v e n i l e  Chanos chanos (awa o r  mi 1  k f i  sh) and s t01  ephorous 
purpureus (nehu) were careening j u s t  under t h e  sur face o f  t h e  inshore  waters. 
This supports the  assumption t h a t  t he  inshore  waters a t  t he  back o f  t he  bay a c t  
as nursery grounds f o r  the  r e e f  f i s h e s  (ECI, 1974). 
A t  Honolua Bay, t he  ca rn i vo re  popu la t i on  outnumbered the  herb ivores  by a lmost  
two and a  h a l f  t imes. H i a t t  and Strasburg (1960) suggested t h a t  i t  may be due 
t o  t he  carn ivorous ancestry  o f  modern f i shes .  Tal  b o t  (1965) added t h a t  from a  
carnivorous ancestry,  t h e  s p e c i a l i z a t i o n s  needed f o r  u t i l i z i n g  p l a n t  foods ( l o n g  
gut, methods o f  dea l i ng  w i t h  c e l l u l o s e ,  use o f  p l a n t  p r o t e i n )  and the  spec ia l  
carnivorous h a b i t  ' o f  co ra l  feeding (coe len tera tes  seem 1 i t t l e  e x p l o i t e d  i n  most 
marine hab i ta t s ,  perhaps because o f  t h e i r  nematocysts) have n o t  o f t e n  occurred. 
Talbot s a i d  t h a t  t he re  are  c e r t a i n l y  fewer feed ing  n iches a v a i l a b l e  t o  herb ivores  
and.cora1 feeding f ishes than t o  t h e  remaining carn ivores .  H i a t t  and Strasburg 
(1960) and Randall (1963) noted t h a t  o f  the  impressive d i v e r s i t y  o f  r e e f  f ishes,  
only  a  few groups a re  p r i m a r i l y  herb ivores.  
The'h igh ca rn i vo re  t o  herb ivore  r a t i o  o f  11 :1 a t  s t a t i o n  3 was a t t r i b u t e d  
to  the l a r g e  number o f  p lank t ivorous  f i s h  (500 Decapterus p innu la tus  and 223 
Chromis leucurus)  a t  t he  s t a t i o n .  According t o  Randall (1963), p lank t i vo rous  
f i s h  a re  dependent upon t h e  c u r r e n t  t o  b r i n g  t h e i r  food t o  them. Thus, i f  a  
reef i s  l oca ted  i n  an area o f  adequate c u r r e n t  and the  water i s  r i c h  i n  zooplankton, 
the reef  w i l l  probably have a  l a r g e  popu la t i on  o f  such f i s h .  A  c u r r e n t  en te rs  
Honolua Bay :from the  n o r t h  a long the  no r the rn  r e e f  face (ECI, 1974). I t  cont inues 
i n t o  the  bay and moves i n  a  c lockwise fashion a long the  back o f  t h e  bay. Then 
i t  re tu rns  t o  the  ocean a long the  face o f  t he  southern f r i n g i n g  r e e f .  The low 
v i s i b i l i t y  a t  s t a t i o n  3, which i s  pos i t i oned  pe rpend icu la r l y  t o  t he  incoming 
current ,  may have been the  r e s u l t  o f  a  h igh  zooplankton popu la t ion .  
The f r i n g i n g  ree fs ,  which are  i s o l a t e d  from each o the r  by the  mid-bay sand/ 
s i l t  channel and the  boulder  hab i ta t ,  have a  biomass o f  carn ivores  t h a t  outweighs 
the herb ivores by one and a  h a l f  times. Bardach's work (1959) on an i s o l a t e d  
. . 
Bermuda r e e f  descr ibed a  popu la t ion  o f  f i s h  which had a  biomass o f  carn ivores  
twice as l a r g e  as the  omnivores; Randall (1963) s ta tes  t h a t  Bardach's omnivores 
are r e a l l y  herb ivores.  Bardach adds t h a t  t h i s  data seems t o  c o n t r a d i c t  t he  
c lass i ca l  concept o f  the  biomass pyramid wherein the  p lan t - feeders  g r e a t l y  predom- 
. . 
inate.  He exp la ins  t h i s  discrepancy by p o i n t i n g  o u t  t h a t  the  l a r g e s t  f r a c t i o n  
o f  herbivorous r e e f  animals a re  probably mol lusks, crustaceans, and anne l ids  
(echinoids should be added t o  t h e  l i s t ,  accord ing t o  Randall, 1963). Bardach 
asserts t h a t  these i nve r teb ra tes  a re  the  g r e a t e s t  source o f  food f o r  t h e  c a r n i v -  
orous r e e f  f i shes .  
The work done on T u t i a  Reef by Ta lbo t  (1965) shows t h a t  t h i s  East A f r i c a n  
reef  was comprised o f  39 percent  herb ivores  and 61 percent  "carn ivores"  ( t h e  
carnivores are made up by 1  umpi ng carn ivores  and omnivores toge the r ) .  Honol ua 
Bay has 37.1 percent  herv ivores  and 62.9 percent  "carn ivores"  (a1 so c o n s i s t i n g  
of carn ivores  and omnivores). Ta lbo t  concludes t h a t  t h i s  r e e f  i s  t y p i c a l  o f  an 
outer r e e f  community. 
Comparison of the  biomass o f  the  th ree  feed ing  ca tegor ies  o f  Honolua Bay 
w i th  the na tu ra l  r e e f  f i s h  popu la t ion  o f  S t .  John o f  the  V i r g i n  Is lands (Randal l ,  
1963) showed t h a t  Honolua has a  h igher  percentage o f  herb ivores  and a  lower 
percentage o f  carn ivores  and omnivores. I t  may i n d i c a t e  t h a t  Honolua has a  g rea te r  
marine f l o r a l  p roduct ion  as a  food component than the  S t .  John r e e f  o r  t h a t  l e s s  ' 
food i s  a v a i l a b l e  ou ts ide  the  r e e f  h a b i t a t  a t  S t .  John. The discrepancy cou ld  
also be the  r e s u l t  o f  t h e  use o f  two separate methods t o  count the  r e e f  f ishes.  
The method app l i ed  a t  Honolua d i d  n o t  a l l o w  the  t ransec te rs  t o  i n v e s t i g a t e  cracks 
and c rev ices  a long the  r e e f  f o r  f i shes .  This  c u t s  down the  number o f  ca rn i vo res  
which l i v e  the  m a j o r i t y ,  i f  n o t  all,of t h e i r l i v e s  w i t h i n  the  r e e f  (such as 
- 4-3 
apogonids, hol ocentrids,  muraenids, and scorpaenids) . Randal 1 used rotenone 
! 
poison which produced a more complete co l lec t ion  of species on and i n  the  r ee f .  
* 
This would not be pract ical  a t  Honolua. Another f ac to r  t h a t  must be'taken i n t o  
consideration i s  the period i n  the day the  t ransec t s  were undertaken a t  Honolua. 
Collete ard Tal bot ,0972) and Hobson (1972) have reported t h a t  most reef f i she s  
are more ac t ive  d u r i n g  the ear1.y morning and l a t e  evening hours. Time i s  not 
a major f ac to r  when poisoning i s  the  primary method of co l lec t ing  data .  The 
I 
. , 
Honolua Bay t ransec t s  were a l l  run between 8:00 a.m. and 4:30 p.m. ? t 
Conclusion 
Honolua Bay cons i s t s  of a var ie ty  of marine environments, which support two 
coral reef communities. The reef f i s h  population of the  northern and southern 
fringing' r ee fs  i s  abundant and diverse.  The reef f i s h  population may be looked 
upon a s  a typ ica l ,  i so la ted ,  outer  reef assemblage.. The authors support t he  
recommendation by Dr. Leighton Taylor t h a t  the  bay be designated a's a marine 
.conservat.ion d;istrSct so t ha t  the  d ive r s i t y  and abundance of f i she s  wil l  increase ,  
as was the case w i t h  Hanauma Bay, Oahu. Randal 1 (1963) and Taylor (1975) recognized 
the importance of exploi ta t ion by fisherman on the  standing crop of reef f i shes .  
Taylor (1 975) and the researchers i n  t h i s  study encountered spear - f i  shermen i n  
the study s i t e .  In the  presence of the  transecte.rs ,  the reef f i shes  tended to.'swim off 
quickly, especia l ly  the  large  edible  f ishes:  Acanthurus dussumieri ( pa l an i ) ,  
Naso unicornis (ka la ) ,  Mu1 loidichthys f lavol ineata  (weke ' u i a ) ,  and members from 
-
the family Scaridae (uhus and parrot f ishes)  . This corroborates the  conclusion 
by Kitahata and McCreary (1975) t ha t  the f i s h  inhabit ing Honolua Bay a r e  extremely 
wary of divers and snorkelers.  
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V I  . APPENDICES 
Appendix .I 
NAME 
-
ACANTHURI DAE 
List of f i sh  species w i t h  the i r  biomass and the s i t e  of occurrence. 
1 = f i sh  seen on one s ta t ion;  2 = f i sh  seen on both s tat ions sfsame transect.  
A c a n t h u r ~  dussumieri 
Acanthurus leucopareius 
Acanthurus niqrofuscus 
Acanthurus nisror is  
Acanthurus 01 ivaceus 
Acanthurus t r i o s t e a u  
Acanthurus xanthopterus 
Ct~nochaetus s t r isosus 
N* l i tu ra tus  
Naso unicornis 
---
Zancl us canescens 
Zebrasoma flavescens 
TOTAL 
3 5 6 7 8 9 10 11 12 13 14 15 16 FREQUENCY BIOMASS (kg) 
bogon menesemus 
AIJLOSTOMI DAE 
Aulostomus chinensis 

I V I fiL 
FREQUENCY BIOWSS (kg) NAME 
CIRRHITIDAE 
Cirrhitops fasciatus 
Cirrhitus pinnulatus 
Paracirrhites arcatus 
Paracirrhites forsteri 
-DIODONT IDAE 
Diodon hystrix 
FISTULARI I DAE 
Fistularia petimba 
HOLOCENTRIDAE spp. undetermined 
Myripristis murdjan 
KYPHOSI DAE 
Microcanthus strigatas 
LABRI DAE spp. undetermined 
Anampses chrysocephal us 
Anampses cuvieri 
Bodianus bi lunulatus 
Cheil inus rhodochrous 
Cheilio inermis 
Coris gaimardi 
Coris venusta 
Gomphosus vari us 
* 
Constant for determining biomass not available. 
NAME 
Hal i choeres ornatissimus 
Labroides phthirophagus 
Macro~har vnqodon aeoffrovi 
Stethojulis bal teata 
Thalassoma ballieui 
Thalassoma duperreyi 
Tha 1 assoma purpureum 
MUL LI DAE 
Mu1 loidichthys flavol ineata 
Mu1 loidichthvs vanicolensis 
Paruaeneus bifasciatus 
Parupeneus chryserydros 
Parupeneus mu1 ti fasciatus 
Parupeneus pleurostigma 
Parupeneus porphyreus 
NUMENIDAE spp. undetermined 
Gymnothorax flavimarginatus 
OSTRACTIONTI DAE 
Qstracion me1 eagris 
POMACENTRI DAE s pp. unde term1 ned 
Abudefduf abdominalis 
Abudefduf sindonis 
TUTAL 
BIOMASS (kg) 
* 
Constant for determining biomass not available. 
Chromis leucurus 
Chromi s oval is 
-- 
Chromi s vanderbi lti 
Dascyll us a1 bi sell a 
Eupomacentrus fasciolatus 
Plectroglyphidodon imparipennis 
Plectroglyphidodon johnstonianus 
SCARIDAE spp. undetermined 
TETRAOrnNTI DAE 
Canthiqsster amboinensis 
Canthiqsster coronatus 
Canthigaster janthinopterus 
TOTAL 
3 5 6 7 8 9 10 11 12 13 14 15 16 FREQUENCY BIOJNSS(kg) 
Total number of species in study: 76 species 
Total number of species (this does nct include Mr. Gaffney's identification of Acanthurus sandvicensis, 
I 
believed to' be A. triostegus, and Chaetodcn clown, which is not a species name) in all four surveys: 95 species 
APPENDIX 2 
List  of f i sh  with the i r  common names and feeding type. C = carnivore; H = herbivore; 0 = omnivore 
SCIENTIFIC NAME 
ACANTHURI DAE 
Acanthurus dussumieri 
Acanthurus leucopareius 
Acanthurus nigrofuscus 
Acanthurus nigroris 
Acanthurus olivaceus 
Acanthurus triostegus 
Acanthurus xanthopterus 
Ctenochaetus strigosus 
Naso l i tura tus  
-
Naso unicornis 
-
Zancl us canescens 
Zebrasoma flavescens 
APOGON I DAE 
Apogon menesemus 
AULOSTOMI DAE 
Au1ostomus chi nensi s 
BALISTIDAE 
Pervagor spi losoma 
Rhinecanthus rectangulus 
COMMON NAME 
Surgeonf i shes, Tangs 
pal ani 
mai ko 
mai ' i  
maiko 
na'ena'e 
mani n i  , convict tang 
pual u 
kol e 
kala, clown tang 
kal a ,  uni cornf i sh 
kihi kihi, Moorish Idol 
1 a- '  i -pal a ,  ye1 low tang 
Cardinalfishes, Moonshine Annie 
' upapal u ,  Moonshine Annie 
Trumpetfish 
Tri ggerf ishes and Fi  1 ef ishes 
' 0 '  i l i  uwi uwi , orangetail f i l e f i  sh 
humuhumu-nukunuku-a-pua 'a 
FEEDING TYPE 
SCIENTIFIC NAME COMMON NAME 
Suf f l  amen bursa humuhumu-umauma-1 ei 
BLENNI IDAE B l  enn ie s  
Blennid SD.  
FEEDING TYPE 
C 
Exal i a s  brevi  s 
CA RAN G I DAE 
pao'o kau i l a ,  'o 'opu pao'o 
Uluas, papios ,  j acks ,  creval  1 ies 
Carangid su. . 
Caranyx me1 ampygus 
Decapterus pinnul a t u s  
Trachurops crumenophthalmus 
omi l u  
ope1 u 
aku le ,  ha l a lu ,  A j i  
Bu t t e r f  l y f i  shes  CHAETO WNT I DAE 
P o t t e r ' s  Angle 
t h r e a d f i n  b u t t e r f l y f i s h  , 
bl u e - s t r i p e  b u t t e r f l y f i s h  
Centropyge p o t t e r i  
Chaetodon a u r i g a  
Chaetodon f r embl i i  
Chaetodon k l e i n i  
Chaetodon 1 unul a 
Chaetodon m i  1 i a r i s  
Chaetodon mu1 t i  c i n c t u s  - 
ki kakapu, masked/raccoon b u t t e r f l y f i s h  
lemon b u t t e r f l y f i s h  
pebble b u t t e r f l y f i  sh 
k i  kakapu, o r n a t e  b u t t e r f l y f i s h  
four -spot  b u t t e r f l y f i  sh  
~ h a e t o d o n  o rna t i s s imus  
Chaetodon quadrimaculatus  
Chaetodon t r i f a s c i a t u s  
ki kakapu, one spot / tear -drop  b u t t e r f l y f  i sh  Chaetodon unimaculatus 
CIRRHITIDAE Hawkfishes 
C-irrhi t ops  f a s c i a t u s  p i l i k o ' a  
SCIENTIFIC NAME 
C i r r h i t u s  Dinnlllatus 
P a r a c i r r h i t e s  a r c a t u s  
P a r a c i r r h i t e s  f o r s t e r i .  
DIODONTI DAE 
Diodon hys tri x 
FISTULARI IDAE 
F i s t u l a r i a  petimba 
HOLOCENTRI DAE 
Holocentr id  sp.  
M y r i p r i s t i s  murdjan 
KYPHOSIDAE 
Microcanthus s t r i g a t u s  
LABRI DAE 
Labrid s p .  
Anarnpses chrysocephal us 
Anarnpses c u v i e r i  
Bodianus bi  l unu la tu s  
Chei 1 i nus rhodochrous 
Chei l io  inerrnis 
Coris  gairnardi 
Cori s venusta 
Gornphosus v a r i u s  
Hal ichoeres  orna t i ss imus  
Labroi des ph th i  rophasus 
.COMMON NAME 
po '0-paa, 'o!opu-kai 
p i l i k o ' a  
h i l u  p i l i k o ' a ,  p i l i k o ' a  
Spiny Puf fe rs  
'o  'opu-kawa 
Cornetf ish 
Corne t f i sh  
S o l d i e r f i s h  and S q u i r r e l  f i s h e s  
u ' u  menpachi 
Rudderf i shes  
s t r i p e y ,  c o n v i c t f i s h  
Wrasses, h ina l ea  
snowflake wrasse,  Uncle Sam wrasse 
a 'awa, t a b l e  boss 
PO ' ou 
kupou'pou, c i g a r  wrasse 
lo10 
' a k i - l o l o ,  h ina l ea  i ' iwi,  b i rd  wrasse 
l a  ' 0 ,  ' o h u a ~  Pa 'awela,  chr i s tmass  tree. wrasse 
c l e a n e r  wrasse 
FEEDING TYPE 
C 
C 
SCIENTIFIC NAME 
Macrophar.ynqodon qeoffrovi 
S te tho ju l i s  bal teata  
Thal assoma ball ieui  
Thal assoma duperreyi 
Thal assoma Durpureum 
MULL1 DAE 
Mu1 loidichth-YS f l  avo1 ineata 
Mulloidichthys vanicolensis 
Parupeneus bi fascia tus  
Parupeneus chryserydros 
Parupeneus mu1 t i  fascia tus  
Parupeneus pl eurosti  qma 
Parupeneus porph.yreus 
MURAEN I DAE 
Muraenid SD.  
m o t h o r a x  f l  avimarqi natus 
OSTRACIONTIDAE 
Ostracion meleaqris 
POMACENTRI DAE 
Pomacentrid so. 
Abudefduf abdominalis 
Abudefduf s i  ndonis 
Chromi s 1 eucurus 
COMMON NAME 
Po t t e r ' s  wrasse 
' oma ka 
hinalea lauhine, mongoose wrasse 
hinalea lauwil i ,  ' a ' a l a ' i h i  
'olami, 'o la l  i ,  palae 'a,  'awela 
Goatf i shes 
weke- 'u la  
weke-'a'a, spot  weke 
munu 
moano kea, moana kali  
moana, moano 
ma1 u 
kumu 
Moray Eel s 
puhi-paka . 
Boxf i shes and Cowf i shes 
moa, mamoa, waa, oopakuku 
Damself i  sh 
maomao, mamo, sergant major 
black mamo 
FEEDING TYPE 
SCIENTIFIC NAME 
Chromi s oval is 
Chromi s vanderbi 1 ti 
Dascyl lus albisel a 
Eupomacentrus fasciol atus 
Plectroglyphidodon imparipennis 
~l ectrogl yphidodon johnstoni anus 
SCAR1 DAE 
Scarid s ~ p .  
TETRAODONTI DAE 
Canthigaster amboinensis 
Canthi gaster coronatus 
Canthiqaster janthinopterus 
.COMMON NAME 
aloiloi, three-spot damselfish 
F.EEDING TYPE 
Uhu, Parrotfish 
Puffers 
pu'u-ola'i 
APPENDIX 3 
Supplementary Information 
Three additional monitoring s i t e s  were established outside the  study s i t e  
t o  obtain some information on the  outer areas .  S i t e  1 was located a t  t he  
southern end of the  sandy beach of Makuleia Bay. S i t e  4 was s i tua ted  offshore  
of t h i s  sandy beach; s i t e  2 was located along the  north end of the  mouth of 
Honol ua Bay ( see Fig. 1 and Tab1 e 1 )  . 
Outside the  confines of the  bay ( s i t e s  1 ,  2 ,  and 4 ) ,  there  was r e l a t i v e l y  
.more coral growth and d ive r s i t y  than most of the  t ransec t s  done within t he  bay. 
These outer t ransec t s  showed a high percentage of coral cover except i n  s i t e  4 
which occurred ent i re1 y over sand. 
The s ta t ions  a t  s i t e  1 ran along the  ledge of a basa l t  f l a t ,  which has 
several sand channels cu t t ing  perpendicularly t o  the  shorel ine  in to  the f l a t .  
The subs t ra te  on the  ocean s ide  of the  ledge consis ts  e n t i r e l y  of sand. A 
s l i g h t  current  ran from north t o  south along t he  ledge. Bottom surge was ev i -  
dent over the basal t  f l a t .  An average of 243 f i shes  representing 29 species 
was observed on the t ransec t s  performed a t  the  s t a t i ons .  Two more f i s h  
species were seen a t  t h i s  s i t e  than a t  the  Honolua Bay s i t e s :  the  chaetodontid 
Forcipiger flavissimus (lau-wil iwi 1 i-nukunuku-'oi 'o i  or  long-nosed bu t t e r f l y f i sh )  
and a pomacentrid, Chr.omis verater  (bl ack damself i sh)  . The average biomass of 
the  t ransects  was 3.197 kg. 
S i t e  4 was located on a subst ra te  composed completely of sand. A s l i g h t  
bottom surge was present during the  t ransec t s .  No f i s h  were present a t  the s i t e .  
However, a large school of Decapteruc pinnulatus (approximately 1,000), herded 
by several large  carangids, including a Ser iola  dumerili (kahala, about 1 .lm .long) 
and a school of about 20 Thunnus albacares (ahi, about 0.6m i n  length) were 
s igh ted  on the  survey d i v e  the  prev ious day. Also, i n  the  immediate area o f  t h e  
s i t e  several  Euthynnus y a i t o  (kawakawa) were entangled i n  a  lay ne t .  The depth 
* 
a t  t h e  s i t e  was 10.7m and the  v i s i b i l i t y  was 15,2m. 
Simi1ar:environmental cond i t i ons  e x i s t e d  a t  s i t e  2. An average o f  328 
i n d i v i d u a l s  represent ing  39 species w i t h  an average biomass o f  5.333kg was seen 
on the  t ransec ts  a t  s i t e  2. Outside the  t ransec t  area several l a r g e  Scarus 
p e r s p i c i l l a t u s  (uhus, about 61cm i n  l eng th )  were seen along the  ou te r  ledge; a  
school o f  b i y r i p r i s t i s  murdjan (menpachi) were huddled i n  the  c rev i ces  o f  t he  
ledge. The depth a t  the  s i t e  ranges from 6.lm t o  9.lm, and v i s i b i l i t y  was between 
9.lm and 12.2111. I 
I n  conclusion, the  area i n  f r o n t  o f  Makuleia Bay i s  composed o f  a  sandy 
subs t ra te  w i t h o u t  a  r e s i d e n t  f i s h  populat ion,  except f o r  schoo lso f  passing 
pe lag i c  f i shes .  S i t e s  1  and 2  had s i m i l a r  h a b i t a t s ,  which resembled the  r e e f  
f l a t  h a b i t a t  a t  Honolua Bay. I n  add i t i on ,  s i t e  2 i n d i c a t e d  t h a t  t he  r e e f  f i s h  
popu la t ion  o f  t he  bay cont inued ou t  onto the  nor thern  c o a s t l i n e  o f  t he  entrance 
of Honolua Bay. The sandy substratum t o  the  south o f  Honolua Bay i s o l a t e d  t h a t  
r e e f  from the  Makuleia Bay b a s a l t  f l a t .  Thus, the  Honolua r e e f  i s  separated f rom 
the  r e s t  of  t he  coas t l ine .  t o  the  south o f  t h e  bay. 
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